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SUMMARY Thirty three patients with coronary artery disease undergoing combined myocardial
revascularisation with internal mammary artery and saphenous vein grafts underwent angiographic
studies up to 10 years after operation. Each patient had one internal mammary artery graft and one

or more saphenous vein grafts. Eleven symptom-free patients, studied one month to five years (mean
1.9 years) after operation, had intact internal mammary artery and saphenous vein grafts in a good
state of preservation. Of the six patients developing symptoms within the first year after surgery,

three had evidence of poor flow in the internal mammary artery graft because of large side branches
and the other three had stenosis or occlusion of the saphenous vein grafts. Sixteen patients
developed symptoms after several years free of symptoms and were studied three to 10 years (mean
six years) after operation. Of the 23 saphenous vein grafts in this group, 17 (74%) were either
occluded or severely stenosed and six (26%) were in good condition. One internal mammary artery
graft was occluded and the remaining 15 were in good condition. Saphenous vein graft failure was
the predominant cause of late development of symptoms in patients with combined revascularisa-
tion. Long term performance of the internal mammary artery grafts is far superior to the saphenous
vein grafts.

Direct myocardial revascularisation occupies an
important place in the management of symptomatic
coronary artery disease. Both the saphenous vein and
internal mammary artery have been used as bypass
grafts, but their comparative efficacy has been a sub-
ject of controversy. The internal mammary artery
grafts deliver a smaller flow compared with saphenous
vein grafts12 and this has led some to believe that they
are adequate only for small arteries with poor runoff.3
Others believe that the flow offered by internal mam-
mary artery grafts is adequate for coronary revascular-
isation.4 This is supported by good performance on

postoperative exercise testing of patients with internal
mammary artery grafts.6 In one long term clinical
follow-up study,7 the patients with internal mammary
artery grafts fared better than those with saphenous
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vein grafts in terms of relief of symptoms and survi-
val. In another large study ofpatients with single and
multiple grafts, better survival was attributed to com-
plete revascularisation and the use of internal mam-
mary artery grafts.8 In this study, the one year
patency rate was 95% for internal mammary artery
grafts and 82% for saphenous vein grafts. Similar
results are reported in another study.9
The studies comparing the results of the internal

mammary artery and saphenous vein grafts3 10 11 have
been done on different series of unmatched patients
and the angiographic follow-up has averaged less than
two years.

In the past decade a number of patients have
undergone combined revascularisation, that is simul-
taneous use of an internal mammary artery graft and
saphenous vein graft in the same patient. These
patients are excellent models for studying compara-
tive performance of the two conduits because the

48



Internal mammary artery versus saphenus vein graft

host factors and surgical technique remain constant.
An exclusive study on such patients has not been
reported.
The present report is based on analysis of clinical

and angiographic data on 33 patients with combined
revascularisation, studied up to 10 years after opera-
tion. The data were analysed to determine the patency
as well as the state of preservation of the two types of
grafts in individual patients, and their comparative
role in causing symptoms.

Subjects and methods

STUDY SUBJECTS
Clinical records and catheterisation data of all patients
with combined myocardial revascularisation, who
have undergone angiographic studies since January
1976 at the Montefiore Hospital, Pittsburgh, and
Albany Medical Center Hospital, were reviewed.
These consisted of 33 male patients, 39 to 72 years of
age, studied one month to 10 years after operation. All
the patients had undergone preoperative coronary
arteriography by the authors. All the major vessels
with greater than 70% constriction and a good runoff
were bypassed. Arteries with arteriographically esti-
mated lumen of less than 1-5 mm were not grafted. A
total of 81 grafts was constructed, giving an average of
2-5 grafts per patient. Each patient received a left
internal mammary artery graft and one or more
saphenous vein grafts. Of the 33 internal mammary
artery grafts, 31 were placed on the left anterior
descending coronary artery and two on the diagonal
branches. Of the 48 saphenous vein grafts, 21 were
placed on the right coronary artery, 22 on the left
circumflex coronary artery, two on the left anterior
descending coronary artery, and three on the diagonal
branches. If two anterolateral arteries (left anterior
descending and diagonal) were bypassed in the same
patient, the saphenous vein graft was used for the
artery with the larger runoff and the internal mam-
mary artery graft for the artery with a smaller runoff.
The postoperative angiographic studies were done

on 35 mm cine film at 30 frames per second using a
Phillips six-inch image intensifier. In each case, the
study included selective coronary arteriography, left
ventricular angiography, and selective angiography of
the internal mammary artery and saphenous vein
grafts in multiple oblique projections. The occluded
grafts were also selectively cannulated and the
"stump" opacified in each case (Fig. 2B, 3B). In the
analysis of the angiographic studies, attention was
paid to the native circulation as-well as the grafts, and

symptoms were correlated with the arteriographic
findings. If significant disease (greater than 70%) was
present in the ungrafted artery or distal segment of
the grafted artery, the findings were compared with
the preoperative study. Progression of coronary artery
disease was defined as a change in stenosis, less than
70% at preoperative catheterisation to a stenosis of
greater than 70% at the postoperative study. For the
purpose of this study, the occlusion of the proximal
lesion in the grafted coronary artery was not consi-
dered a progression of disease. Angiographic appear-
ance of the internal mammary artery and saphenous
vein grafts was carefully studied in their entire length,
including the anastomotic sites, for luminal
irregularities and obstructions. The diameter of the
graft just proximal to the anastomosis was compared
to the grafted artery distal to the anastomosis.
The condition of the saphenous vein grafts was

graded "O"' to "++ + +" in the following manner: (1)
smooth contour (+ + + +); (2) irregular contour with-
out constrictions (+ + +); (3) constriction(s) reducing
lumen by less than 70% (+ +); (4) constriction(s)
reducing lumen by more than 70% (+); (5) occluded
(0). The examples are illustrated in Fig. 1 to 3.

For the internal mammary artery grafts, attention
was paid to any large side branches and associated
attenuation of the distal internal mammary artery
lumen. This phenomenon indicates diversion of flow
and has been described in detail in a previous
report.12 The graft flow was considered poor only if
the diameter of the distal internal mammary artery
was less than two-thirds of the proximal and measured
less than the grafted coronary artery. The condition of
the internal mammary artery graft was considered
excellent if the lumen was smooth, with the distal
diameter greater than 2 mm, and there was good filling
of the grafted coronary artery.

VEIN GRAFTS TO LEFT ANTERIOR DESCENDING
CORONARY ARTERY
In the study subjects the left anterior descending
coronary artery almost routinely received the internal
mammary artery grafts, so that the question of per-
formance of vein grafts to this vessel arises. For this
purpose, the records of all the patients receiving
saphenous vein grafts to the left anterior descending
coronary artery, who underwent postoperative
angiographic studies at both the participating
laboratories since January 1976, were reviewed.
There were 43 patients studied two weeks to 10 years
after operation. All these patients had undergone
preoperative studies in the same laboratory. They
were operated upon in the same time period as the
study subjects by the same surgical teams.
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Fig. 1 Nineyears' postoperative aniographic study. (A) Distal part of the kft internal
mammary arterygraft (IMA) showing excelentfiUing ofthe grafted kft anteior descending
coronary artery (LAD). CoUateralfiUing ofthe distal left circunflex artery (arrow heads) is
also seen. (B) Proximal part of the saphenous vein graft (SVG) to the left circumflex
coronary artery in poor condition ( +) with muliple constrictions. Distal runoff(not shown)
was exceUent.
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Fig. 2 Serial angiographic studies one month andfor years after operation. (A) Distal
part ofthe saphenous vein graft (SVG) to the left anurior descending coronary artey (LAD)
showing the graft in excellnt condition ( + + + +) with a lage runoff. (B) Occluded aortic
end of the same graft (SVG) fouryears later.
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D
Fig. 2(cont) Serial angiographic studies one month andfour years after operation. (C)
Distal part of the left internal mammary artery graft (IMA) to the diagonal branch (Diag)
showing a limited runoff. (D) Same raft (IMA)filling the entire left coronary system four
years later.
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Fig. 3 Serial angiographic studies four and nine years after operation. (A) Distal part of
the saphenous vein graft (SVG) to the right coronary artery (RCA) showing the graft in
excellent condition ( + + + +) with a large runoff. (B) Occluded aortic end ofthe same graft
(SVG)five years later.
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Fig. 3 (cont) Serial angiographic studies four and nineyears after operation. (C) Distal
part ofthe kft internal mammary artery graft (IMA) to the kft anerior descending coronary
artery (LAD). (D) The same graft is seen well preservedfiveyears later. CoUateras (arrow
heads) to the right coronary artery are alo seen.
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Results

The patient population was divided into three groups.

GROUP 1: PATIENTS WITHOUT SYMPTOMS

These 11 patients were studied one month to five
years (mean 1-9 years) after operation. The majority
underwent angiography as a part of another study."3
In this group all 11 internal mammary artery grafts
were in good condition with good flow. All 17 saphen-
ous vein grafts were patent; 16 were in good condition
(+ ++ to + + + +) and one was in fair condition with
50% constriction (+ +). There was no progression of
atherosclerosis in the native coronary circulation.

GROUP 2: PATIENTS WITH EARLY SYMPTOMS
These six patients developed angina on effort within
the first year after operation. Three of the six internal
mammary artery grafts were in good condition with
good flow. The other three had large side branches
associated with attenuation of the distal internal
mammary artery lumen measuring less than the
grafted coronary artery, fulfilling the criteria for poor
graft flow. This was the probable cause of symptoms
in these three cases. Out of the eight saphenous vein
grafts, five were in good condition (+ + + to + + + +);
one was in fair condition (+ +) with distal kinking;
one had stenosis (+) at the distal anastomosis, and one
was occluded. There was no progression of atherosc-
lerosis in the native circulation.

GROUP 3: PATIENTS WITH LATE SYMPTOMS
These 16 patients developed symptoms after several
years symptom free and were studied three to 10 years

(mean six years) after operation (Table). The symp-

toms included angina, myocardial infarction, or both.
One internal mammary artery graft was occluded pro-

ximally (case 11) and the other 15 were patent and in
excellent condition. Sixteen patients in this group had
23 saphenous vein grafts. Eleven were totally

occluded and six were in poor condition (+). Thus

only six grafts (26%) were in good condition. In 13 out

of 16 patients (8 1%), stenosis or occlusion of the
saphenous vein grafts appeared to be the cause of
symptoms. Three patients in this group (19%) had
developed progression of atherosclerosis in the
ungrafted arteries which could be considered respons-

ible for the symptoms.

SERIAL ANGIOGRAPHIC STUDIES
In three patients serial angiographic studies were

available for comparison (Fig. 2 and 3). In the first
postoperative study, all the saphenous vein grafts
were in excellent condition (++++ +). In the second
postoperative study, one saphenous vein graft had
developed 90%/o stenosis and three were totally
occluded. There were no apparent clues to this out-
come. In the late studies, there was enlargement of
the distal internal mammary artery lumen associated
with perfusion of a larger coronary bed (Fig. 2D, 3D).

Table Patients with late development ofsymPtoms

Case No. Time after surgery Saphenous vein graft IMA graft

Grafted arte Condition Grafted artery Condition

1 3 y RCA + LAD ++++
LCx ++++

2 3 y LCx 0 LAD ++++
3 3-5 y LCx 0 LAD ++++
4 3-5 y LCx 0 LAD ++++

Diagonal 0
5 3.5 y LCx + LAD ++++
6 4 y RCA 0 Diagonal ++++

LAD 0
7 4 y RCA ++++ LAD ++++

LCx +++
8 5 y RCA +++ LAD ++++
9 6 y RCA 0 LAD ++++

LCx 0
10 7 y RCA + LAD ++++

LCx ++++
11 7 y LCx + LAD 0
12 9 y RCA + LAD ++++

LCx 0
13 9 y LCx ++++ LAD ++++
14 9 y RCA 0 LAD ++++
15 9 y LCx + LAD ++++

16 10 y LCx 0 LAD ++++

RCA, right coronary artery; LCx, left circumflex artery; LAD, left anterior descending artery; IMA, internal mammary artery; condition of
grafts: excellent (+ + + +); good (+ + +); fair (+ +); poor (+); occluded (0) .

55



56

GRAFT DIAMETERS
Excluding three patients with attenuated internal
mammary artery grafts, the average graft/artery
diameter ratio was 1-2 for 29 patent internal mam-

mary artery grafts. For the 36 patent saphenous vein
grafts, the average graft/artery diameter ratio was 1-8.

LEFT ANTERIOR DESCENDING ARTERY GRAFTS:
INTERNAL MAMMARY ARTERY VS SAPHENOUS
VEIN GRAFT
In the entire study population, 32 of the 33 internal
mammnary artery grafts were patent at a mean follow
up period of 3*6 years (patency 97%). In the series of
saphenous vein grafts to left anterior descending
coronary artery, 27 of the 43 grafts were patent at a

mean follow up period of 3-1 years (patency 63%).
The difference in the patency rates is statistically
significant (p<0-005).

Discussion

Other studies evaluating the postoperative results
have shown a good correlation between relief of symp-
toms and completeness of myocardial revascularisa-
tion'4 as well as graft patency."s The grafts not only
have to be patent but must deliver sufficient flow to
meet the myocardial oxygen demands. Our findings in
the group 1 patients indicate that in the symptom free
patients both the internal mammary artery grafts and
saphenous vein grafts can be expected to be function-
ing. The findings in group 2 patients show that the
problems with internal mammary artery grafts and
saphenous vein grafts are equally common in patients
presenting with symptoms soon after operation. On
the other hand, in the patients with late symptoms,
saphenous vein graft failure is predominant.

FAILURE OF SAPHENOUS VEIN GRAFTS

Early saphenous vein graft failure appears to be
related to errors of judgment and technique."5 This
includes grafting of the coronary arteries with mild
proximal lesions or poor distal runoff.16 Kinking or
stenosis at the anastomotic sites (Fig. 1A) are examp-
les of technical failure. First year occlusion rates of 10
to 30% have been reported.'5 17 With good patient
selection and improved surgical techniques, this is
probably less common today.

In serial angiographic studies,'5-8 the grafts that

were open early appeared to maintain patency in the
800/% range at four to six years. In the late studies,
however, different degrees of occlusive changes were
seen in some of the grafts.'8 '9 The atherosclerotic
nature of these changes has been confirmed in the
grafts removed at reoperation.'6 1819 These changes
are variable in onset and progression,'8 and may lead
to late graft failure. Again, there is good correlation
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between symptoms and graft occlusion. In an average
follow-up of two and a half years, Hamby et al.Is
found an annual graft attrition rate of 6.5% in patients
with symptoms and 1l1% in patients without symp-
toms. Our finding of a high incidence of graft stenosis
and occlusion in group 3 patients appears to be an
extension of this trend and attests to the progressive
nature of atherosclerosis in the saphenous vein grafts.
The stable clinical course for the first few years does
not mean stabilisation of the intimal proliferative pro-
cess in the vein grafts. We agree with Guthaneret al.'8
that the continued stability of a vein graft cannot be
predicted from an early angiographic appearance
(Fig. 2 and 3).

FAILURE OF INTERNAL MAMMARY ARTERY
GRAFTS
The internal mammary artery graft failures appear to
be technically related and tend to occur early. These
include injury to the internal mammary artery during
its mobilisation from the chest wall, stenosis at the
distal anastomosis,3 use of an internal mammary
artery of inadequate calibre,3 grafting of a coronary
artery with insignificant lesion,'0 and "steal" by the
large side branches.12 All these are minimised with
better judgment and surgical skill.
The arteriographic size of the distal internal mam-

mary artery lumen is a reliable indicator of graft
flow.'2 This has been confirmed by flow studies.3 The
internal mammary artery is a "live" conduit and
within certain limits will adapt to the demands of
flow. This is indicated by enlargement seen in the late
postoperative studies (Fig. 2D, 3D). If the proximal
internal mammary artery lumen is well preserved but
the distal lumen is much reduced, the usual cause is
diversion of flow into the undivided side branches.'2
This may occur if the internal mammary artery pedi-
cle is not mobilised adequately.20 This was the cause
of poor flow in three of the six patients with early
symptoms (group 2). We did not find this phemone-
mon in any of the patients without symptoms.
The mechanism of failure of the only internal

mammary artery that was found to be occluded in the
late postoperative study remains obscure. Develop-
ment of atherosclerosis is a possibility. Significant
atherosclerosis in the internal mammary arteries,
however, is rare. Fears of its prevalence2' are exag-
gerated. We have not seen significant atherosclerosis
in the large number of internal mammary arteries
studied before22 23 and after operation. This is further
supported by two recently published long term
studies of the internal mammary artery grafts.24 25

PROGRESSION OF ATHEROSCLEROSIS IN NATIVE
CIRCULATION
This is an important consideration in postoperative
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evaluation. We do not consider occlusion of the prox-
imal lesion in a grafted artery to be a true progression
of disease. It is an expected event if an artery with a
high grade lesion is grafted with a saphenous vein.16 18
It is of no consequence if the graft remains patent. We
agree with Lytle et al. I that the true anatomical
occlusion of the proximal lesion is much less common
with internal mammary artery grafting.
We did not find significant atherosclerosis in the

distal segments of the grafted coronary arteries per-
fused by patent grafts even if the grafts were severely
stenosed. Similar findings have been reported in other
studies.'7 18 This is therefore unlikely to be a common
cause of graft failure.
The incidence of progression of atherosclerosis in

the ungrafted coronary arteries will differ depending
upon the criteria used to define it. Guthaner et al.'8
found little difference in the behaviour of lesions less
than 75% in an average follow-up of 76 months. In
our patients, we did not find significant progression
(from <70% to >70%) in the early postoperative
studies. In late studies it occurred in 19% of the
patients. The failure of saphenous vein grafts was a
much more common cause of symptoms.

COMPARATIVE PROPERTIES OF TWO CONDUITS
(1) Size andflow
The saphenous vein is usually much larger than the
coronary arteries and also delivers a large flow. If a
large vein is grafted to a small coronary artery, how-
ever, the large flow ceases to be an advantage because
of turbulence and low velocity of flow.26 Better per-
formance of the sequential-grafts27 is the result of
better distribution of flow. For the single grafts; the
conduit should ideally be slightly larger than the reci-
pient artery. The internal mammary artery more
closely approximates the coronary artery size.28 Our
observations confirm greater disparity of graft/artery
diameters in the case of saphenous vein grafts com-
pared with the internal mammary artery grafts.

(2) Adaptability
In the aortocoronary position the saphenous vein usu-
ally becomes a rigid fibrous tissue conduit.29 The
internal mammary artery, on the other hand, is a
"live" conduit with functioning smooth muscle. It is
capable of autoregulation in response to changes in
coronary vascular resistance.

(3) Durability
When interposed in the aortocoronary position, the
saphenous vein undergoes both adaptive and
degenerative changes. The medial hypertrophy that
sometimes occurs29 is an adaptive change. It is prob-
ably desirable and constitutes true arterialisation.
Intimal proliferation and atherosclerotic plaque for-
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mation are degenerative changes.29 30 This process is
variable in location and extent even in different seg-
ments of the same graft (Fig. IB). Progression of
atherosclerosis in the vein grafts may lead to late graft
failure. The internal mammary artery grafts tend to
remain free from the degenerative process.2425 Our
observations confirm this for a follow up period of up
to 10 years.

(4) Surgical technique
Ease of surgery is the main reason for the immense
popularity of saphenous vein grafting. In addition,
abundant length is available for grafting several ves-
sels. Internal mammary artery grafting is technically
more demanding and this is why it is shunned by
many surgeons. Once the technique is mastered,
however, consistently good results follow. There is
already a trend towards increasing use of the internal
mammary artery graft by surgeons,24 from 5-7% in
1974 to 13% in 1979. This trend is likely to continue
in the 1980's because of increasing awareness of late
saphenous vein graft failure.

In this series, the internal mammary artery was
routinely used for anterolateral arteries (left anterior
descending coronary artery and diagonal), because of
anatomical proximity28 In five patients receiving
grafts to both the left anterior descending artery and
diagonal branches, the internal mammary artery was
used for the smaller vessel (Fig. 2C) and the sa-
phenous vein graft for the larger one (Fig. 2A). Yet,
the internal miammary artery always remained patent
while instances of occlusion were seen in the case of
vein grafts (Fig. 2B). Further, a relatively high occlu-
sion rate in our series of left anterior descending coro-
nary artery vein grafts indicates that the fate of
saphenous vein grafts placed in the left anterior
descending coronary artery is similar to those placed
in the other vessels. This is in agreement with other
studies.'631 It appears, therefore, that it is the con-
duit and not the vessel grafted that makes the differ-
ence.
We conclude that the internal mammary artery is a

superior conduit for coronary artery grafting and fares
much better than the saphenous vein graft in the long
run. Late failure of the saphenous vein grafts appears
to be the result of an intimal proliferative process
from which the internal mammary artery grafts tend
to remain free.
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Addendum
Since the preparation of this manuscript, we have
studied 14 additional patients with combined revas-
cularisation, who presented with symptoms. Each of
these has one or more occluded vein grafts. Thirteen
internal mammary artery grafts are in excellent condi-
tion and one is occluded.


